A prototype compact generator using the activated carbon -ammonia pair based on the plate heat exchanger concept has been designed and built at Warwick University. The novel generator has low thermal mass and good heat transfer. The heat exchanger uses nickelbrazed shims and spacers to create adsorbent layers only 4 mm thick between pairs of liquid flow channels of very low thermal mass. The prototype sorption generator manufactured was evaluated under EU car air conditioning test conditions.
evaluated under EU car air conditioning test conditions.
The prototype sorption generator is described and its experimental performance reported.
While driven with waste heat from the engine coolant water (at 90 o C), a pair of the current prototype generators (loaded with about 1 kg of activated carbon) operating out of phase has produced an average cooling power 1.6 kW with about 2 kW peaks. The typical average COP obtained is 0.22.
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Résumé

Un prototype du générateur compact, basé sur le concept des échangeurs de chaleur à plaques et utilisant la paire charbon actif-ammoniac, a été conçu et construit à l'Université
Introduction
In 2005, the first experimental prototype of a compact generator using the monolithic carbonammonia pair was developed at Warwick University. The compact generator was based on the concept of a plate heat exchanger (PLATEX) as illustrated in Figure 1 . The main objectives were to demonstrate the manufacturing feasibility of a compact generator based on PLATEX and to evaluate its thermal performance when mounted on a full cooling machine.
The mechanical and thermal behaviour of the prototype were satisfactory but the cooling performance obtained (SCP~0.150 kW kg -1 carbon and COP~0.120) were poor but predicted
well by a theoretical model [1] . The performance limitations were mainly due to the design and manufacturing process of the prototype [2] . Design improvements were later carried out on the configuration, reducing the thermal mass and enhancing the heat transfer [3] . A new manufacturing process for a fully welded compact generator that withstands both high pressure (up to 30 bar) and high temperature (up 200 o C) is now established.
Novel sorption generator
The After a preliminary test designed to evaluate the heat transfer performance, the full characteristics of the generator were established and are summarized in Table 1 .
Laboratory cooling system description
The laboratory cooling system is designed to simulate a mobile air conditioning system (MACS) for a Class C passenger vehicle (such as a Ford Focus or Fiat Bravo) with a 1.9 litre turbo diesel engine. This choice is very challenging due to the high engine efficiency and therefore low waste heat availability. The engine coolant is to be used to provide the heat input at a temperature of 90°C and a nominal flow rate of 24 litre min -1 . The cooling power required has been determined from collaboration between two of the project partners, Energy
Research Centre of the Netherlands (ECN) and Centro Ricerche Fiat (CRF), to be 2 kW and, although it is highly variable during the driving cycle, the nominal heat input available is 5 kW -thereby necessitating a nominal COP 0.4. A schematic diagram of the system is shown in Figure 4 . The engine coolant is alternately passed through the two generator beds in order to heat them. A second pumped coolant loop is used to recover heat between the two beds.
An air-to-water heat exchanger placed in front of the vehicle radiator (labelled adsorption heat exchanger) is used to cool the generator beds to ambient temperature. An interconnecting pipe with a valve is also incorporated which enables the ammonia side of the two generators to be connected for mass recovery purposes. In this process, the heated high pressure bed is connected to the cooled low pressure bed and ammonia is transferred from the 
Experimental results and discussions
Test were carried out under the Normal European Summer Conditions that are summarized in Table 2 . Figure 8 . It can be seen that the effect of the flow rate on performance over the range tested is minimal. The system should therefore not be significantly affected by the variation in the coolant water flow rate from the engine during the driving cycle.
The current preliminary performance will be improved when operating the system with both mass and heat recovery and with an optimised control strategy (cycle time).
Conclusions
A pair of prototype compact generators using activated carbon -ammonia and a plate heat exchanger concept could be used to drive a MACS. With an operating driving temperature of Performance improvements are expected when the system operates with an optimised cycle time.
Further developments
A second version of the laboratory MACS prototype, that will include the cabin cooler and a direct condenser (ammonia-air) as illustrated in Figure 9 , is under construction. The complete chiller unit design is shown in Figure 10 This version will also be tested with a TEV (trials ongoing) at the latest stage in order to reflect further the mobile air conditioning application. 
